The effect o differently processed baobab (Adansonia d g tata L.) seed meals on haematocrit and some plasma and liver biochemical parameters in albino rats was investigated. While the animals placed on the raw seed meal recorded comparable growth and liver and plasma biochemical indices to the casein control diet, the cooked and HCl-extracted meals induced significantly (p<0.05) slower rates of growth than the control. Also raw and acid-extracted meals induced significant hyperglycemic effect. Serum and liver total lipids were elevated but non-signif cantly in the animals fed the raw and acid-extracted meals relative to the controls. There was no consistent pattern in the serum and liver cholesterol and the haematocrit trend, but red blood cell (RBC), packed ce l volume (PCV) and haemoglobin (Hb) were decreased significantly in rats fed the acid-extracted meal relative to the control. The possible reasons and nutritional implications of these observations were briefly highlighted. It was concluded that the raw seed has a better promise as a source o food supplement and is kely to be satisfactory in supporting growth and maintenance in livestock feeding.
INTRODUCTION
As population increase in the tropical regions continue to outstrip food production, it is becoming increasingly necessary to explore and possibly exploit scores of little-known wild crops for protein and energy as supplements to traditional crops and staples (Wickens et al. 1989 , Oelke et al., 1997 , Ezeagu et al., 2002 . The exploitation of inexpensive alternative sources of protein and energy for man and/or animal could measurably reduce malnutrition. Unconventional and lesserknown plants could contain useful amounts of nutrients as indicated by some research (Eromosele et al., 1994 , Murray et al., 2001 El-Adawy and Taha, 2001 ). However, prior to the utilization of such novel sources, either in human food or feed, thorough toxicological evaluation of possible biochemical, haematological or epidemiological response to their ingestion is necessary (Wolf et al. 1975 ). Many plants are endowed with the ability to synthesize a wide variety of chemical substances, which, under practical circumstances, can impair some aspects of animal metabolism when ingested by man or animals (Cheeke and Shull, 1985) .
Studies have shown that malnutrition in the form of specific nutrient deficiency results in general stunting and reduced organ size and marked changes in some biochemical parameters. Also ingestion of certain toxic factors or chemicals have manifested in distorted haemato-biochemical metabolites (Geol and Sharma, 1988) . Baobab is a common multipurpose tropical fruit tree wildly consumed in savannah region in Northern Nigeria. A previous study (Ezeagu, 2005) indicated the protein marginally limiting in lysine and threonine and that weight gain was retarded in animals fed both the raw, cooked and acid-extracted baobab meals relative to casein. Growth retardation was, however, only significant in rats fed the cooked and acid extracted diets. But whether the body composition was altered was an unanswered question. Therefore, it was thought to be of interest to further investigate possible toxicological effects of ingestion of both raw and processed baobab seed meal with respect to some body systems from medical standpoint.
MATERIALS AND METHODS
The collection, processing, formulation of diets and feeding protocols were carried out as previously described (Ezeagu, 2005) . At the end of the 21 days experimental period, the rats were weighed, anaesthetized with chloroform and dissected. Blood was collected from the heart by cardiac puncture using a syringe and needle and deposited in heparinised tubes. Haematocrit was determined immediately (Jain, 1986) . The whole blood was kept in the refrigerator and later centrifuged and separated at 3,000g for 10 minutes to obtain a clear serum. The livers were excised, weighed and homogenized with 5 ml. phosphate buffer (pH 7.5) using a hand homogenizer. Serum and liver proteins, lipids and cholesterol were determined according to the methods outlined by Lynch et al. (1969) . Food efficiency ratio (FER) and protein efficiency ratio (PER) were calculated by the following formulae: FER = Gain in body weight (g) / Food consumed (g); PER = Gain in body weight (g) / Protein consumed (g). All analyses were done in triplicate. The data were subjected to analysis of variance (ANOVA) and treatment means were compared by the Duncan's (1955) multiple range test.
RESULTS AND DISCUSSION
Nutritional indices, presented in Table 1 , followed the same trend as obtained in the previous report (Ezeagu, 2005) . However, rats on the cooked meal recorded relatively better indices in this study. The raw seed meal seems to be more palatable than the cooked and acid-extracted meals, hence the higher feed intake. Palatability may have been affected by acid treatment as indicated by the poor feed intake. This could be due to the effect of possible residual acid or, perhaps, some reaction products. Kawatara et al. (1969) has reported similar poor growth in rats fed acid-extracted meals. Nutrient losses during acid-extraction and the cooking process may have contributed to the poor performance of the animals on treated baobab meals (Anthoni Raj and Singaravadivel, 1980) . Blood sugar levels were elevated only significantly (p < 0.05) in rats fed raw and acidextracted meals. Elevated blood sugar may be due to inhibition of glycolysis by the presence of glycoproteins and saponins, which may have adversely effected regulation of insulin from pancreatic B-cells and blood sugar, as suggested by Mandal et al. (1982) . According to Yadav et al. (1973) , it seems some plant proteins exhibits hypoglycemic effect and some hyperglycemic in experimental animals. In this regard baobab seeds may not be useful in the management of diabetes.
Serum and liver biochemical parameters are shown in Table 2 . Liver protein values show same trend as serum proteins, being related physiologically. Rats on the casein diet recorded significantly (p<0.05) higher total plasma and liver proteins than those on the raw, cooked and acidextracted meals. Among the three baobab test meal groups, plasma and liver protein levels were comparable and non-significantly different, though animals on the acid-extracted meal recorded the lowest levels. Rats on the test diets could be consuming adequate protein but absorption from the alimentary tract may be defective. Loss of protein in the urine and into alimentary tract and increased catabolism of proteins may also be responsible for lower serum and liver proteins of the animals on the baobab meals. However, the low body weight gain and reduced serum total protein as observed for the test diets also reflect the low quality of the baobab protein relative to casein. Plasma total protein is regarded as good indices of the quality of dietary proteins (Lewis et al., 1977; Babatunde and Pond, 1988) .
Serum total lipids and cholesterol were elevated, but not significantly (p>0.05), in rats fed the raw and HCl-extracted meals relative to casein (Table 2) . But rats on the cooked meal had lower serum lipid and cholesterol levels. Serum lipids were highest in rats placed on raw diet (388.94 mg/100 ml) and least in those on cooked meal (368.81 mg/100 ml) groups. Balogun et al. (1982) reported significantly higher levels of serum lipids in rats fed plant proteins as compared with rats fed similar diets containing casein as the only protein source. However, other workers observed no consistent differences in serum lipids in rats fed diets containing either plant or animal proteins (Okita and Sugano, 1981; Adeyeye et al., 1989; Dong et al., 1990) .
While liver lipids were elevated, the cholesterol levels were lowered in rats fed the test diets relative to the control but non-significantly (P > 0.01). Also the mean serum cholesterol of rats on raw and acid-extracted meals were elevated, while that of those on cooked meal were nonsignificantly (P < 0.01) lowered relative to the controls. These observations seem to be in conflict with the reported hypocholesterolemic effect of plant protein compared with casein diet (Mokady and Liener 1982; Potter, 1995) . However, findings by Leelamma et al. (1978) have shown that the effect of dietary proteins on lipid levels depends upon the nature of particular protein rather than its source. This may be related to the amino acid composition and digestibility of different proteins and also the experimental animal used (Hassan and Rashwan, 1986; Sugano and Koba, 1993) . It is also thought that arginine/lysine (Arg/Lys) ratio in seed proteins, not investigated in this study, may be relevant to the plasma cholesterol lowering effect of plant proteins (Kritchevsky, 1979) . Balogun et al. (1982) observed that rats fed diets with low Arg/Lys ratios tend to be less hypocholesterolemic than diets having higher ratios. Hence Yadav et al. (1973) observed that some plant proteins were hypocholesterolemic while some others were hypercholesterolemic in experimental animals. The processing treatments may have altered the Arg/Lys ratios of the test diets resulting in differing cholesterolemic effects.
Also, since undigested protein is able to bind bile acids, reabsorption of bile acids in the intestine is reduced (Woodward and West, 1984) . Recycling of bile acid is thus diminished and consequently synthesis of bile acids from cholesterol is stimulated which results in lower levels of serum cholesterol (Beynen et al., 1986) . In the light of the fairly high true digestibility (TD) value of the test meals (79.91 -85.53 %) (Ezeagu, 2005) , protein digestibility may not be responsible for the differing cholestrolemic effects of the test meals. Kuyvenhoven et al. (1987) , after testing four different proteins in rats, reported that there was no conformity between digestibility and serum and liver cholesterol levels. On the other hand, studies in experimental animals have also demonstrated that presence of certain plant fibers in the diet is accompanied by significant lowering of serum and tissue cholesterol levels. Dietary fiber adsorbs bile salts and faecal excretion of bile acids is thus enhanced. Consequently synthesis of bile acids from body cholesterol is stimulated thereby reducing the blood cholesterol concentrations also (Potter, 1995; Oakenful and Fenwick, 1978; Uberoi et al., 1992) . Fiber content of 14.94g/100g was reported (Ezeagu, 2005) for raw baobab seed meal. Boiling may have increased the fiber components (Vidal-Valverde et al., 1992) resulting in the hypocholesterolemic effect of the cooked meal. The higher the lignin component in fibers, the better the hypocholesterolemi effect (Uberoi et al., 1992) .
However, in view of the non-significant results, it is not possible to definitive on the effect of baobab seed meal on serum cholesterol.
Haematological changes are presented in Table 3 . Significant (P < 0.05) decrease in Hb, RBC and PCV were exhibited only in the HCl-extracted test diet. A significant fall in RBC reflects erythropenia (Geol and Sharma, 1988) . Poor feed intake and/or residual acid may be implicated in the poor negative effect of acid-extracted meal. On the other hand acid treatment may have leached out nutritive factors. There was no consistent pattern in white blood cells (WBC) trend, which seems to be of no physiological significance. A significant increase in WBC would indicate toxicity or poisoning.
It is evident therefore that only the HClextracted meal exerted a significant negative effect on the body weight and the dynamic equilibrium of blood protein. Except for the higher volume of faecal matter voided by the rats on the test diets, neither the control nor the treated animals showed any sign of behavioral abnormality, side effect or any toxic reaction throughout the experimental period. The negative effect on weight gain could therefore, be due to nutrient loss during processing and/or amino acid imbalance and may not be a result of any toxic insult. Dong et al. (1990) reported that lower weight gain in rats fed poor sources of protein could be due mainly to essential amino acid deficiency and/or lower in vivo apparent protein digestibility and subsequent supplementation of protein with limiting amino acids restored normal growth response in the animals. It is possibly that normal growth rate would be restored by amino acid supplementation in the experimental animals.
Conclusions:
On the bases of the present investigation, the raw baobab seed meal exerted little or no negative effect on the dynamic equilibrium of the blood and liver metabolites. Therefore, it may be concluded that baobab seed meal would be safe for edible use and has a better promise as a source of food supplement and likely to be satisfactory in supporting growth and maintenance in livestock feeding. Further studies on the improvement level of animal performance by amino acid supplementation will continue. 
